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Abstract: Climate warming has a rapid and far-reaching impact on 
forest fire management in the boreal forests of China. Regional climate 
model outputs and the Canadian Forest Fire Weather Index (FWI) Sys¬ 
tem were used to analyze changes to fire danger and the fire season for 
future periods under IPCC Special Report on Emission Scenarios (SRES) 
A2 and B2, and the data will guide future fire management planning. We 
used regional climate in China (1961-1990) as our validation data, and 
the period (1991-2100) was modeled under SRES A2 and B2 through the 
weather simulated by the regional climate model system (PRECIS). 
Meteorological data and fire danger were interpolated to 1 km by using 
ANUSPLIN software. The average FWI value for future spring fire sea¬ 
sons under Scenarios A2 and B2 shows an increase over most of the 
region. Compared with the baseline, FWI averages of spring fire season 
will increase by -0.40, 0.26 and 1.32 under Scenario A2, and increase by 
0.60, 1.54 and 2.56 under Scenario B2 in 2020s, 2050s and 2080s, re¬ 
spectively. FWI averages of autumn fire season also show an increase 
over most of the region. FWI values increase more for Scenario B2 than 
for Scenario A2 in the same periods, particularly during the 2050s and 
2080s. Average future FWI values will increase under both scenarios for 
autumn fire season. The potential burned areas are expected to increase 
by 10% and 18% in spring for 2080s under Scenario A2 and B2, respec¬ 
tively. Fire season will be prolonged by 21 and 26 days under Scenarios 
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A2 and B2 in 2080s respectively. 
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Introduction 

Forest fire is the dominant disturbance regime in boreal forests. 
It is the primary process, which organizes the physical and bio¬ 
logical attributes of the boreal biome over most of its range, 
shaping landscape diversity and influencing energy flows and 
biogeochemical cycles, particularly the global carbon cycle since 
the last Ice Age (Weber and Flannigan 1997; Soja et al. 2006). 
Climate change over the next 100 years is expected to have sig¬ 
nificant impacts on forest ecosystems. The temporal and spatial 
dynamics of fire are likely to be altered as climate continues to 
change. Wildland fire is a global phenomenon, and a result of 
interactions between climate and weather, fuels, and people. 
Weather and climate are the most important factors influencing 
fire activity and these factors are changing due to human-caused 
climate change (Flannigan et al. 2005). The forestry community 
needs to evaluate the long-term effects of climate change on 
forests and determine what the community might do now and in 
future to respond to this threat (Spittlehouse 2003). 

There is substantial evidence throughout the boreal region to 
conclude that the biosphere within the boreal terrestrial environ¬ 
ment has already responded to the transient effects of climate 
change. In Siberia, in seven of the last nine years there were 
extreme fire seasons, and extreme fire years were more frequent 
in both Alaska and Canada (Soja et al. 2006). The change in 
temperature increase and warming is faster than that predicted in 
some regions. In forest region of Inner Mongolia, Zhao et al. 
(2009) found that mean temperature increased, and fire occur¬ 
rence dates extended into summer during 1980 to 2006. A similar 
change occurred in Yichun, Heilongjiang, where forest fire fre¬ 
quency showed an increasing trend due to increased temperature 
and decreased rainfall during 1961 to 2003 (Gao et al. 2008). 
Many studies addressed the impact of climate change on fire 
frequency. Flannigan et al. (2009) reviewed the current under- 
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standing of what the future may bring with respect to wildland 
fire. Research results predict a general increase in area burned 
and fire occurrence in future, but there will be substantial spatial 
variability, with some areas of no change or even decreases in 
area burned and frequency (Flannigan et al. 2009). Fire seasons 
are lengthening for temperate and boreal regions, and this trend 
should continue in a warmer world (Flannigan et al. 2009). Re¬ 
cent studies suggest a doubling of area burned along with a 50% 
increase in fire occurrence in parts of the boreal zone by the end 
of this century (Flannigan et al. 2009). Wotton and Flannigan 
(2010) used the Canadian Climate Centre general circulation 
models (GCM) to predict an increase in fire frequency of 25% by 
2030 and 75% by the end of the 21st century overall across 
Canada. But the predictions from fire climate scenarios derived 
from the Hadley Centre GCM suggest fire frequency will in¬ 
crease by 140% by the end of this century. Future climate change 
would trigger weather conditions more favorable to forest fires 
and a slight increase in regional (Waswanipi area, central Que¬ 
bec) fire activity (+7%) (Le Goff et al. 2009). Under the A2 cli¬ 
mate change scenario, the fire risk in August would double 
(+110%) for 2100, while that in May would decrease slightly 
(-20%), moving the fire season peak later in the season (Le Goff 
et al. 2009). Under a 2 x C0 2 scenario, future area burned is 
predicted to increase 478% for Portugal as a whole, which 
equates to an increase from 1.4% to 7.8% of the available burn¬ 
able area burning annually. Fire occurrence showed a dramatic 
increase (279%) for all of Portugal (Carvalho et al. 2010). The 
increases in temperature are predicted to lead to an increase in 
the annual mean area burned in western United States by 54% by 
the 2050s. Changes in area burned are ecosystem dependent, 
with the forests of the Pacific Northwest and Rocky Mountains 
experiencing the greatest increases of 78 and 175%, respectively 
(Spracklen et al. 2009). All future scenarios show an increase in 
mean monthly temperature maxima and one model scenario 
forecasts an increase in dry spell sequences, resulting in a slight 
increase in forecasted annual area burned in the Great Lakes-St 
Lawrence forest of Canada (Drever et al. 2009). Compared to 
data from 1991 to 2000, the average area burned per decade 
across Alaska and western Canada will double by 2041 to 2050, 
and will increase on the order of 3.5-5.5 times by the last decade 
of the 21st century (Balshi et al. 2008). Under the 2 x C0 2 and 3 
x C0 2 scenarios, there will be a relative increase in area burned 
in northern Alberta of 12.9%-29.4% from the reference 1 x C0 2 
scenario (Tymstra et al. 2007). The longer, warmer and drier 
summer seasons predicted to result from climate change are ex¬ 
pected to increase the frequency and intensity of forest fires in 
the Northwest Territories of Canada by the end of the 21st cen¬ 
tury (Kochtubajda et al. 2006). The combined frequencies of 
days with very high and extreme Forest Fire Danger Index 
(FFDI) ratings in Southeastern Australia would be likely to in¬ 
crease by 4%-25% by 2020 and by 15%—70% by 2050 (Hen- 
nessy et al. 2005). The window available for prescribed burning 
may be shifted and narrowed. Yang et al. (2010) analyzed the 
climate change in Daxing’an Moutains of northeast China for 
future periods and forecasted that the burned area would double 
in the 21st century under IPCC SRES A2a and B2a scenarios 
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based on a linear regression model between the mean seasonal 
severity rating (SSR) values and burned areas. A people-caused 
fire prediction model, combined with GCM data predicted the 
total number of people-caused fires in Ontario could increase by 
approximately 18% by 2020-2040 and 50% by the end of the 
21st century (Wotton et al. 2003). The emissions of greenhouse 
gases from all Canadian fires are predicted to increase from 
about 162 Tg-a" 1 of C0 2 equivalent in the 1 x C0 2 scenario to 
313 Tg-a" 1 of C0 2 equivalent in the 3 x C0 2 scenario, including 
contributions from C0 2 , CH 4 and N 2 0 (Amiro et al. 2009). 

The global climate has been warming over the past 100 years 
in China. Annual average surface temperature increased by about 
0.5-0.8°C. In northern China the climate changed significantly 
over the past 50 years. Warming occurs mainly during the winter 
and spring periods, while the annual precipitation did not show 
any significant change except for larger decadal fluctuations (Qin 
et al. 2005; Tang et al. 2005). Most large forest fires occurred in 
this area of China. Forest fire occurrence is highly discrete in 
temporal distribution. Usually, a large number of fires occur 
simultaneously in a short time period under extreme fire weather 
conditions. Regional climate model output and the calculated 
FWI System are used to analyze the influence of climate change 
on fire danger in northeast China at a scale of 2500 km 2 . Cana¬ 
dian Forest Fire Danger Rating System (Stocks et al. 1989) can 
be effectively used in northeast China to forecast fire occurrence, 
fire behavior, and fire impacts (Lynham and Stocks 1989; Tian et 
al. 2010). Analyzing changes in forest fire danger for future pe¬ 
riods under the IPCC SRES A2 and B2 scenarios will help gov¬ 
ernment to improve forest fire management planning for north¬ 
eastern China. 

Methodology 

Overview of the study area 

The study area (38.72° N-53.56 0 N, 115.53° E-135.08 0 E) is 
located in northeastern China including Heilongjiang, Jilin, and 
Liaoning provinces, and eastern Inner Mongolia (Fig. 1). The 
landscape of northeast China consists of mountains in the east 
(Changbai Mountain) and west (Daxing’an Mountains) with a 
plain (northeast plain) in the middle. The average altitude of the 
mountainous areas is 1 000 m ASL, while the central plains av¬ 
erage 200 m ASL. 

China’s largest natural forest areas are mainly located in this 
region in the Daxing’an Mountains and Xiaoxing’an Mountains 
in Heilongjiang Province and Changbai Mountain in Jilin Prov¬ 
ince. The main forest type in the region is the temperate conifer¬ 
ous-deciduous broad-leaved mixed forest. There is a total of 
45.33 million hectares forest area in the region, accounting for 
37% of the total forest area in China. Forest areas in northeast 
China can be roughly divided into three parts: Daxing’an Moun¬ 
tains, Xiaoxing’an Mountains, and Changbai Mountain forest 
region. The Daxing’an Mountains, located in northwestern Hei¬ 
longjiang Province and northeastern Inner Mongolia, has Larix 
gmelinii , Pinus sylvestris , Finns koraiensis , Betula platyphylla , 
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Quercus mongolicus , Populus davidiana , Tilia tuan , Juglans 
mandshurica , and Fraxinus mandshurica as the main forest spe¬ 
cies. Larch forest covers 86.1% of the forest area in the Dax- 
ing’anling Region. The Xiaoxing’an Mountains is located in the 
northern part of Heilongjiang Province, an area about four mil¬ 
lion hectares, with tree species similar to those in the Daxing’an 
Moutains, but with more Korean pine forest and less larch forest. 
Changbai Mountain is located in eastern Jilin Province, where 
the main vegetation type is temperate mixed forest. Tree species 
at Changbai Mountain include Pinus koraiensis , Larix gmelinii , 
Picea asperata , Abies holophylla and Pinus densiflora. 


115° O' Cf E 125° O’ Cf E 135° 0' CfE 



Fig. 1 Location of the study area in northeastern China 

The study area is characterized by a cool temperate continental 
monsoon climate with four seasons and an average annual tem¬ 
perature range of 5-10°C. The frost-free period is about 150 
days. There is a large difference in temperatures from north to 
south, and precipitation declines from east to west. In spring 
(March - May) temperatures warm rapidly with strong winds 
and drought. Annual precipitation is 400-700 mm in most of the 
region, and up to 1 000 mm in the southeast at Changbai Moun¬ 
tain. About 70% of the precipitation is concentrated in the sum¬ 
mer (Sun et al. 2006). The zonal soils are lime soil, tundra soil, 
and dark brown soil in the colder boreal zone, and dark brown 
soil, black soil and chernozem in the temperate zone (Zhong 
1990). 

The study area has historically been affected by large and fre¬ 
quent forest fires. During 1999-2007, there were 5 689 fires 
accounting for 7.3% of all fires in China, and the burned area 
covered 2 266 226 ha area, accounting for 73.8% of the total 
burned area in the country. Major fire causes in the area are 
lightning and man-made fire. Around 57% of fires were caused 
by lightning in the Daxing’an Moutains range (Tian et al. 2009). 


Data sources 

Data for the climate scenarios in this paper were extracted from 
the regional climate model Providing Regional Climate for Im¬ 
pact Studies (PRECIS) (Johns et al. 2004; Xu et al. 2006). His¬ 
torical regional climate data for the baseline period of 
1961-1990 in China are from the China Meteorological Data and 
Sharing Network ( http://cdc.cma.gov.cn/ ). There are 685 weather 
stations in the entire country and 107 in the study area. ANUS- 
PLIN software (Hutchinson 1998) was used to interpolate mete¬ 
orological data to 1 km x 1 km raster data. 

Calculation of forest fire weather index 

The FWI System input for weather observations is at solar noon 
every day. All FWI System components were calculated based on 
regional climate model daily outputs at a scale of 50 x 50 km. 
Since the FWI System works on the basis of solar noon weather 
parameters, temperature was estimated by subtracting 2°C from 
the daily maximum temperature (Williams et al. 2001). Rainfall 
was estimated from PRECIS output. Since regional climate 
models usually output only daily average relative humidity, Equ. 
(1) was used to derive minimum relative humidity from daily 
average relative humidity. The relationship between minimum 
relative humidity and the daily average humidity was estimated 
based on data for the baseline period from all 685 national 
weather stations as: 

RH mm = 0.2053 RH nvp - 0.2308Mo« R = 0.83 (l) 

mm la v e 

Where, RH m in and RH ave are the minimum relative humidity 

and daily average relative humidity, respectively, and Mon is the 
number of the month. Wind speed was estimated based on re¬ 
gional climate model output for daily average wind speed. 

Daily fuel moisture codes and fire behavior indices for the 
FWI System were calculated from daily weather estimates for 
every grid cell under the two climate scenarios for the period 
1960-2100. Codes and indices were averaged for the month in 
the fire season. The average FWI estimates for periods were 
interpolated to a scale of 1 x 1 km by using the software Anus- 
plin. 

Results 

Two peaks in the fire season were observed for our study area, a 
spring season peak from March to May and an autumn season 
peak in October. According to the statistics of 2003-2005 from 
local fire agencies, 76.6% of the fires occurred in the spring fire 
season and covered 75.6% of the annual burned area. Autumn 
fires accounted for 6.3% of all fires, but 22.3% of the area 
burned annually. In this bimodal fire season, 82.9% of fires ac¬ 
counted for 97.9% of the total annual burn area. This result 
showed that our analysis should focus on fire danger changes 
based on the two fire peak seasons and three future periods under 
two climate scenarios. 
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Climate change in future periods 

Temperature and precipitation are two important factors that 
affect climate, and they are naturally the factors of greatest con¬ 
cern for future climate change analyses. The simulated average 
temperature and monthly precipitation in spring fire peak season 
from the PRECIS model were 3.1°C (range -8.2 to 10.9°C), and 
24.1 mm (range 7.4-67.3 mm). The two predicted means closely 
approximated observed values of 3.2°C and 23.7 mm. In autumn 
fire season the observed average temperature and monthly pre¬ 
cipitation were 3.1°C (range -8.0 to 14.6°C) and 22.9 mm (range 
3.3-51.3 mm), and the simulated values were 3.3°C (range -8.6 
to 14.1°C) and 22.3 mm (range 7.1-51.4 mm). The simulated 
results also closely approximated observed spatial distributions, 
indicating that PRECIS was accurate in predicting temperature 
and precipitation. 

The average temperature of northeastern China in spring and 


autumn fire seasons were 2.87°C and 3.13°C during the baseline 
period, respectively. The means are predicted to increase by 
0.29°C, 0.78°C and 1.62°C, respectively, in 2020s (2011-2030), 
2050s (2041-2060) and 2080s (2071-2100) under scenario A2, 
and by 0.54°C, 0.92°C and 1.32, respectively, under scenario B2 
(Fig. 2). Precipitation on the study area is predicted to increase 
by 2.7 mm, 6.3 mm, and 11.8 mm under scenarios A2, and 2.0 
mm, 2.6 mm and 1.9 mm under scenarios B2 in 2020s, 2050s 
and 2080s, respectively, compared with the baseline period (71.8 
mm). For autumn fire season, the mean temperatures of the study 
area are predicted to increase by 1.00°C, 2.37°C and 4.58°C, and 
increase by 1.21°C, 2.25°C and 3.56°C under scenario B2, re¬ 
spectively. Precipitation during the autumn fire season in the 
baseline period was 22.0 mm, and it is predicted to increase by 
1.3 mm, 3.3 mm and 5.0 mm under scenario A2, and 0.2 mm, 0.8 
mm and -0.1 mm under scenario B2 in 2020s, 2050s and 2080s, 
respectively. 
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Fig. 2 Temperature increments in spring fire season for the future periods: (a) Scenario A2 for the 2020s; (b) Scenario A2 for the 2050s; (c) Sce¬ 
nario A2 for the 2080s; (d) Scenario B2 for the 2020s; (e) Scenario B2 for the 2050s; and (f) Scenario B2 for the 2080s. 


Changes of fire danger in future periods 

During the baseline period in northeast China, FWI in the spring 
and autumn fire peak seasons showed a decreasing trend from 
southwest to northeast (Fig. 3). FWI values were high in the 
spring fire season, ranging from 4 to 18 in most parts of the re¬ 
gion, but they were relatively low ranging from 2 to 10 in Octo¬ 
ber. 

The future average FWI during spring fire season was pre¬ 
dicted to generally increase in our simulation modeling under 
Scenarios A2 and B2 (Fig. 4). There were small decreases in 
some areas. Under Scenario A2, spring FWI averages would 
decrease initially by -0.40 in the 2020s, but then increase by 0.26 


and 1.32 in the 2050s and 2080s, respectively, compared with the 
baseline period. The average monthly FWI would decrease in 
March by -1.49, -1.36, and -0.97, but would increase in May by 
1.13, 2.52, and 4.52 in the 2020s, 2050s and 2080s, respectively. 
The average FWI in April would decrease slightly in 2020s and 
2050s, but would increase in 2080s. 

Associated with FWI changes, there will also be spatial dis¬ 
tribution changes. In the 2020s, the average FWI value would 
decrease by from -5.14 to 2.68 in the western portion of the 
study area. By the 2050s, the FWI values would increase signifi¬ 
cantly in most parts of the region except the southeast. The 
east-central part of the region would see the highest FWI during 
the 2080s with an increase of more than 2.0. 
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Fig. 3 Average FWI for Northeastern China and autumn for the baseline period. 

(a) spring (March-May) fire season; and (b) autumn (October) fire season 
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Fig. 4 Changes in the mean FWI of spring fire season under Scenarios A2 and B2. (a) Scenario A2 for the 2020s; (b) Scenario A2 for the 2050s; 
(c) Scenario A2 for the 2080s; (d) Scenario B2 for the 2020s; (e) Scenario B2 for the 2050s; and (f) Scenario B2 for the 2080s. 


Under Scenario B2, the average FWI values for the spring fire 
season in 2020s, 2050s and 2080s would increase by 0.60, 1.54 
and 2.56, respectively, compared with the baseline period. Aver¬ 
age FWI values would increase in April and May of the three 
forecast periods compared with baseline period, but will de¬ 
creased in March in the 2020s and 2050s. Average FWI values 
would show the largest increase in May, 1.76, 3.42, and 5.07 in 
the 2020s, 2050s and 2080s, respectively. 

Under Scenario B2, regions with largest FWI increase showed 
a similar spatial distribution, which increased greatly in the cen¬ 
tral part while slightly increasing or decreasing in the west (Fig. 
4). The average increase of the FWI under Scenario B2 would be 
greater than that over the same period under Scenario A2. In 
particularly, FWI values would increase detectably during the 


2050s and 2080s under Scenario B2. 

Under Scenario A2 and B2, average FWI values in October in 
future would increase compared to the baseline period. Under 
Scenario A2, FWI averages would increase by 0.23, 0.59, and 
1.27 in the 2020s, 2050s and 2080s, respectively. Under Scenario 
B2, FWI averages would increase by 1.09, 1.83, and 2.55 in the 
2020s, 2050s and 2080s, respectively. For Scenario A2 during 
the 2020s, there would be a FWI increase (Fig. 5) in the eastern 
study area, but in the 2050s and 2080s there would be a rela¬ 
tively large FWI increase in the northern and southern parts. FWI 
would increase greatly from northwest to southeast of the study 
area under Scenario B2, which is different from the prediction of 
Scenario A2 (Fig. 5). In the southeastern part there would be a 
larger increase of fire danger. 
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Fig. 5 Changes in the mean FWI of October under Scenarios A2 and B2. (a) Scenario A2 for the 2020s; (b) Scenario A2 for the 2050s; (c) Scenario 
A2 for the 2080s; (d) Scenario B2 for the 2020s; (e) Scenario B2 for the 2050s; and (f) Scenario B2 for the 2080s. 


Changes of potential burned areas 

The FWI System is correlated to area burned, and the ratio of 
FWI is a better index of the relationship between fire danger and 
potential burned areas. Statistical data covering several decades 
suggested approximately a one-to-one relationship between FWI 
and area burned (Harrington et al. 1983; Wittrock & Wheaton 
1997). For example, if FWI increases by 50% for a scenario 
simulation we could expect a similar increase in area burned 


(Flannigan, et al. 2001). Under scenario A2, the average FWI 
ratios were 0.97, 1.01, and 1.10 during spring fire season, and 
1.06, 1.12, and 1.23 during autumn fire season in 2020s, 2040s 
and 2080s, respectively (Fig. 6 and Fig. 7). These values indicate 
the potential burned area would show a slight change in the 
2020s and 2040s, but increase by 23% in the 2080s. Most of the 
increase for October in the 2080s would occur in the northern 
(including Danxing’anling) and southern parts of the study area 
(Fig. 7). 
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Fig. 6 FWI ratio for Spring fire season under SERS A2 and B2 scenarios, (a) Scenario A2 for the 2020s; (b) Scenario A2 for the 2050s; (c) Sce¬ 
nario A2 for the 2080s; (d) Scenario B2 for the 2020s; (e) Scenario B2 for the 2050s; and (f) Scenario B2 for the 2080s. 
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Fig. 7 FWI ratio for October under SERS A2 and B2 scenarios, (a) Scenario A2 for the 2020s; (b) Scenario A2 for the 2050s; (c) Scenario A2 for 
the 2080s; (d) Scenario B2 for the 2020s; (e) Scenario B2 for the 2050s; and (f) Scenario B2 for the 2080s. 


Under scenario B2, the average FWI ratios were 1.04, 1.11, 
and 1.18 during spring fire season, and 1.17, 1.26, and 1.35 dur¬ 
ing autumn fire season for the 2020s, 2040s and 2080s, respec¬ 
tively. The potential burned areas would increase by 4%—18% 
during spring fire season and 17%—35% in autumn. Under sce¬ 
nario B2, there would be a great increase in burned area in the 
southeastern part of the study area (eg: Changbai Mountains). 

Change of fire season 

In Northeast China, the low, medium, high, very high and ex¬ 
treme fire danger ratings were found to correspond to a FWI 
range of 0-2.5, 2.6-10.0, 10.1-18.0, 8.1-31.0, and >31.0, re¬ 
spectively (Tian et al. 2009). Fire danger decreased gradually 
from southwest to northeast for the baseline period (Fig. 3). The 
number of days with extreme fire danger rating ranged from 46 
to 66 in the western region but only 1-25 days in the east. In the 
Daxing’anling, 77.5% of all fires occur at FWI levels in the high 
fire danger class or higher (Tian et al. 2009). In the western re¬ 
gion, there were 126-171 days in this broad FWI class, while in 
the east there were only 1-50 days. But the main land uses are 
farmland or wildland in the central and west parts of the study 
area, and these land use classes typically have low forest fire 
risk. 

Compared with the baseline period, fire season (the days with 
high or higher fire danger rating) would increase significantly in 
future under Scenarios A2 and B2 (Table 1). In the 2080s under 
Scenario A2, the number of days of high, very high, and extreme 
fire danger would, on average, increase by 1, 6, and 14 days, 
respectively in the study area. Under Scenario B2 for the 2080s, 
the number of days with high and higher fire danger rating would 
increase more significantly, with 0, 5, and 21 days in the high, 


very high and extreme fire danger rating classes, respectively. 


Table 1. Future fire season changes based on days at higher fire 
danger classes for northeast China under Scenarios A2 and B2 





Fire danger rating classes (FWI) 


scenarios renoas 

High 

Very High 

Extreme 

Total 


Baseline 

52 

47 

46 

145 


2020s 

-2 

0 

3 

1 

A2 


2050s 

-1 

2 

7 

8 


2080s 

1 

6 

14 

21 


2020s 

-1 

1 

9 

9 

B2 


2050s 

0 

3 

14 

17 


2080s 

0 

5 

21 

26 


In the eastern part of the study area the increasing days with 
high or higher fire danger rating would be more apparent than in 
the western region. Under Scenario A2 in the 2020s, the number 
of the days with high and higher fire danger rating would in¬ 
crease by 1-16 days in the east, while decreasing by 1-14 days 
in the west compared to the baseline period (Fig. 8). By the 
2050s and 2080s, the number of days with high or higher fire 
danger rating would decrease by 1-13 days in the west and in¬ 
crease in the east. Especially in the 2080s, the number of days 
with high or higher fire danger rating would increase by more 
than 20 days in the Daxing'an Mountains and Xiaoxing’an 
Mountains, and 41-60 days in the Changbai Mountain. 

Under Scenario B2, the increase of days with high or higher 
fire danger rating would be more than predicted for the same 
period under Scenario A2. The spatial distribution of these in¬ 
creases would be similar with that found for Scenario A2. Sig¬ 
nificant increases in the number of days with high or higher fire 
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danger rating would be mainly distributed in the southeast region under Scenario B2. 








Legend 
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Fig. 8 Fire season changes under Scenarios A2 and B2. (a) Scenario A2 for the 2020s; (b) Scenario A2 for the 2050s; (c) Scenario A2 for the 2080s; 
(d) Scenario B2 for the 2020s; (e) Scenario B2 for the 2050s; and (f) Scenario B2 for the 2080s. 


Conclusion and discussion 

Both scenarios A2 and B2 predicted increases in average FWI 
values for the spring fire season over most of northeastern China 
with only a few small areas showing declines. The east-central 
part of the region would have the greatest FWI values by the 
2080s. Under Scenario B2, the regions with large increases in 
FWI would have similar spatial distributions with those under 
Scenario A2, but with significant increases in the southeastern 
portion of the region. The average increase of FWI under Sce¬ 
nario B2 would be greater than the increase for the same period 
under Scenario A2, particularly in the 2050s and 2080s. 

Under Scenarios A2 and B2, the average October FWI values 
in future would increase over the baseline period. Under Sce¬ 
nario A2 the values in the southwestern part of the region would 
show obvious increases in the FWI of the 2020s, but this would 
be more generally spread throughout the region by the 2050s and 
2080s. However, there would be little change in the FWI for the 
central part during these periods. 

Compared with the baseline period, fire season would increase 
significantly in future periods under Scenarios A2 and B2. Re¬ 
gions with an obvious increase would be mainly located in the 
southeast and northwest areas. 

The potential burned areas are expected to increase by 10% 
and 23%, respectively, in 2080s under scenario A2 in the spring 
and autumn fire seasons, and increase by 18% and 35% under 
scenario B2. Yang et al. (2010) predicted the area burned would 
peak in the 2080s under both A2a and B2a scenarios, and area 
burned would increase by 20%-85% in the spring fire season 
under the A2a scenario and 27%-65% under the B2a scenario in 
Daxing’an Mountains. These results are basically consistent 
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although different scenarios were used. The application of the 
PRECIS regional climate model provided us with good simula¬ 
tion capability for modeling daily average temperature and 
monthly precipitation for northeastern China over the fire season. 
Validation using data from 1961 to 1990 showed predictions 
were very similar to historic data in terms of amounts and spatial 
distributions. But a number of uncertainties remain when assess¬ 
ing potential changes of fire-weather risk associated with climate 
change. Fuel, weather and topography are the main variables 
influencing fire behavior. Fuel types were assumed to be constant 
between scenarios although vegetation types, and hence, fuel 
types might change as result of climate warming. Actually, if the 
climate changes, the forest belt in northeast China will tend to 
move northward, and temperate broadleaved-coniferous mixed 
forest would become dominant (Cheng et al. 2007). The other 
uncertainties relate to the quality of data for some weather vari¬ 
ables, the possibility of different results from the other climate 
models, ignition and fuel load changes, and extreme weather 
events under climate change (Hennessy et al. 2005). To improve 
our ability to better predict wildfire, future research should focus 
on incorporating additional effects of long-term and successional 
vegetation changes on area burned to account more fully for 
interactions among fire, climate and vegetation dynamics (Balshi 
et al. 2008). 

Although there will be large spatial and temporal variation in 
the fire activity response to climate change, this research enables 
us to better understand the interactions and feedbacks between 
fire, climate, vegetation and humans and to identify vulnerable 
regions (Flannigan et al. 2005). Since the capacity is limited 
among fire management agencies to cope with increased fire 
activity, we expect that the successful initial responses will de¬ 
crease under a warmer climate and this will result in an increase 
in area burned that will be much greater than the corresponding 
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increase in fire weather severity (Flannigan et al. 2009). There 
may be only a decade or two before sharp increases in fire activ¬ 
ity and this means that fire management agencies will not be able 
to maintain their current levels of effectiveness in future (Flan¬ 
nigan et al. 2009). 

The fire regime will be changed because of climate change. 
Fire management needs to be adjusted in terms of budget, per¬ 
sonnel, technology, equipment, early warning, and monitoring 
systems if it is to successfully adapt. According to changes of fire 
danger and fire season in the future, we suggest to strengthen 
early warning and monitoring, pay attention to post-fire recovery, 
and use prescribed burning and other adaptive management 
measures. In the east, it is necessary to use prescribed burning, 
manual or mechanical cleaning, and the other methods to reduce 
flammable loads and adapt to climate change. 
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